Some basic aspects of dynamics and transport in polar regions within one or two scale heights of the summer mesopause are examined, and the implications for local one-dimensional photochemical modeling of those regions discussed. Included is a simple thought experiment on gravity wave breaking that throws further light on the so-called "turbulent Prandtl number" question, and related questions. The "downward control" of time averaged, zonally averaged upwelling by gravity wave breaking is noted, and a one-dimensional modeling strategy suggested in which the transport of water vapor and other constituents from below is characterized by a single parameter, defining a mean upwelling velocity inversely proportional to the mean mass density. It is suggested that, at and below noctilucent cloud altitudes, vertical mixing should be altogether neglected.
at breaking. The expression (6) assumes that the dimensionless wave amplitude a, defined as the horizontal disturbance velocity amplitude divided by la-cl, is equal to unity, and again uses the quasi-hydrostatic approximation and the fact that the wave energy E is then equal to twice the mean horizontal disturbance 'kinetic energy. Hdiss can be defined as wg divided by the logarithmic wave energy or wave action dissipation rate. For constant N and zero mean shear it can be shown within the usual ray theoretic approximations that Hdiss is equal to the density scale height, and /32 to (a-1) may be less important for this purpose than might at first be thought. Indeed, a consideration of how the gravity wave field controls the mean upwelling will suggest the usefulness of a modeling strategy that altogether ignores the turbulent transport of water vapor and other chemical constituents at and below NLC/PMC altitudes, and attributes the water vapor supply entirely to mean upwelling.
AN IDEALIZED THOUGHT EXPERIMENT

ON BREAKING GRAVITY WAVES
The observed structure of breaking gravity waves both in the laboratory [e.g., Koop and McGee, 1986] Of particular interest is a situation in which the initial wave field is supersaturated (a > 1) and can therefore be expected to break shortly after being set up. We assume that the breaking takes place by convective overturning. Second, we make the Boussinesq approximation and assume that the undisturbed static stability, density, and wind are constant with height. We may then (i) go into a frame of reference in which the undisturbed atmosphere is at rest, (ii) consider the wave field to be a periodic plane progressive wave, periodic in the vertical as well as in the horizontal (Figure 1) , and (iii)use the fact that such a wave is an exact, finite-amplitude solution to the Boussinesq equations of motion. On the basis of a "perfect mixing" or "convective adjustment" hypothesis, this permits a very simple analysis of the net irreversible transport across isentropic surfaces (the transport that is relevant to photochemical modeling) and its relation to the net turbulent energy dissipation oe1 -f e ldt and wave energy dissipation oe2 -f e2dt, integrated over the time of the wave-breaking event. The energy budget will be free of the usual complications arising from moving-medium wave energetics, by (i), free of any ambiguities arising from net energy import or export at boundaries, by (ii), and free of doubts about the applicability of simple wave solutions at finite amplitude, by (iii). Moreover there are no disposable parameters, once the initial wave field is specified.
We further simplify the problem by assuming, as in (5) and (6), that the wave motion is quasi-hydrostatic, with intrinsic frequency Ik(c-a)l << N. This assumption is not essential, but it is broadly consistent with the observational evidence, and with the idea that the breaking waves have time to undergo convective adjustment. It leads moreover to a useful conceptual simplification: we shall see that, apart from dimensional scaling factors, the only property of the initial wave field on which the results depend is (a-1).
Before proceeding to a consideration of the wave energetics, we recall briefly the relationship between vertical heat transport and potential-energy change in one dimension. The left hand sketch in Figure 2a It is not intended, of course, to suggest that these mixing assumptions can give us any more than a highly idealized model of wave breaking, even for quasi-hydrostatic waves. For instance, the turbulent layers might well, in reality, evolve toward a statically stable rather than a neutral state [e.g., Linden et al., 1989] , and the momentum might well be substantially rearranged but not homogenized. Quantitatively accurate modeling would demand, in reality, high-resolution numerical simulations of the fully threedimensional turbulent problem, a task that is well beyond the scope of available computational resources even today, requiring a multitude of cases to be run in the likely event that the detailed mixing characteristics proved sensitive to noise in the initial conditions. The present model, while not pretending to be quantitative, has at least the virtue of simplicity and comprehensibility and, as already mentioned, no disposable parameters. Once the foregoing assumptions have been made, the values of several quantities of interest, including oe1, oe2 and the net vertical heat transport, are determined precisely and unambiguously as functions of (a -1).
Denote the magnitudes of the decreases in A, K, and P due to the profile changes shown in Figure 3 Values of B1 and B2 are shmvn in Table 1 ; again, the great sensitivity to (a-1) is evident. The bottom half of Table 1 In the case of the summer mesosphere and NLC/PMC modeling, however, it seems likely that the weakness of vertical mixing for modest values of (a-1) is the relevant consideration. We return to this question after recalling what controls the other transport mechanism that has to be considered, namely, the mean upwelling.
UPWELLING IN ZONALLY SYMMETRIC, QUASI-STEADY MODELS
It is now widely accepted that mean upwelling in the summer high-latitude mesosphere is a necessary part of the global scale mesospheric circulation, without which it would be difficult, if not impossible, to make sense of the observed facts, including the remarkable coldness of the summer mesopause. The summer mesopause is the coldest part of the entire atmosphere, despite a net absorption both of infrared radiation from below and of solar radiation from above. Adiabatic cooling by sustained vertical motion seems likely to be the only mechanism capable of producing the observed cold temperatures. Dynamical considerations show that a drag force, having a certain latitudinal gradient, is needed to drive this upwelling. The force, of whose manner of functioning and domain of influence we shall be reminded shortly, is believed to come mainly from the systematic, irreversible momentum transport associated with upward propagating gravity waves directionally filtered by the mean wind structure [Lindzen, 1981] three dimensions. This is a tall order, even for the next generation of space-based wind sensors. We are forced to the conclusion that for modeling purposes it is difficult to imagine doing better, at present, than provisionally
